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Form Factors

- Nucleon current

- Form Factor definition

- Fourier Transforms in Breit Frame

1 for p, 0 for n,  for Q2           0
2.79 for p, -1.91 for n,  
for Q2          0 ; τ = Q2/4M2



Existing Methods – Unpolarized X-Section

Rosenbluth Separation:

- For Q2 > 1 (GeV/c)2 the electric
form factor is difficult to measure

- At low Q2, the magnetic form 
factor becomes difficult to extract
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- Mott cross section describes the scattering 
of a spin ½ electron off a spinless, point-like 
nucleon:



World Unpolarized Data - GE
p



World Unpolarized Data - GM
p



μGE
p/GM

p – Unpolarized Data



- Polarization transfer 
measurements use a Focal 
Plane Polarimeter (FPP)

- Pt and Pl of the scattered 
proton are measured 
simultaneously (using 12C)

e

e’ p
→

PL

PT

Existing Methods – Polarization Transfer

- GE
p/GM

p is measured directly:



GE
p/GM

p – Polarized Data



Two-Photon Exchange Contributions

- Blunden et al. (2003) did a first model-dependent calculation of the 2-
photon effect and found small corrections with strong angular dependence 
at fixed Q2 , proving significant for the Rosenbluth method – they 
explained about half of the discrepancy!!

- Chen et al. (2004) related the 2-photon effect to the GPD and resolved most of 
the discrepancy between unpolarized and polarized data!!!

- Guichon and Vanderhaegen (2003): although small (few %) the 2-
photon effect is accidentally amplified in the Rosenbluth method!



Phenomenological Fits



- Direct QCD calculations
- pQCD scaling at high Q2

- Lattice QCD at low Q2

- Meson Degrees of Freedom
- Dispersion analysis, Höhler et al. 1976
- Vector Meson Dominance (VMD), Lomon 2002
- Soliton Model, Holzwarth 1996

- QCD based constituent quark models (CQM)
- LF quark-diquark spectator, Ma 2002
- LFCQM + CBM, Miller 2002
- LCCQM, Faessler 2006

Theoretical Calculations



Theoretical Models



BLAST - Underlying Idea

- Capitalize on the magnetism of 
the nucleus

- Polarization observables 
will manifest themselves!

- We can polarize a collection 
of nuclei



• Goal of BLAST was to map GE
p/GM

p, GE
n, GM

n in the low 
Q2 region of the pion cloud

• Systematics different from Polarization Transfer Method
– insensitive to Pb and Pt

• Q2 = 0.1 – 0.9 (GeV/c) 2

– input for P.V. experiments

• Exploits unique features of BLAST
– internal target: pure isotope, fast spin reversal
– large acceptance: simultaneously measure all Q2 points 
– symmetric detector: super-ratio measurement

BLAST - Underlying Idea



Exploiting BLAST Symmetry



- Spin-Dependent
Asymmetry:

The Super Ratio Technique
- Differential cross section for longitudinally     
polarized electrons scattered from a polarized 
proton target:

- Experimental Spin-Dependent Asymmetry:

- Super Ratio:

- Beam and target polarizations cancel out in the super ratio !

GEn



Event Selection 



Data Quality



Results - Asymmetries

BLAST Left Sector                 BLAST Right Sector



• Single-asymmetry 
Method

• measure P first,
use to calculate R
– model-dependent

• Super-ratio Method
• 2 equations in P, R

– in each Q2 bin  j
– independent measure of 

polarization in each bin!
– 2n parameters Pj, Rj

• Global Fit Method
• fit for P, R1, R2, …

from all Aij together
– model independent
– better statistics
– n+1 parameters
– can also fit for β

i = left,right sector
j = Q2 bin (1..n)
β = spin angle



Extractions of μ GE/GM



μμGE
p/GM

p Results



Phenomenological Fit to the Results

• The slope at Q2=0 is an 
important constraint

• BLAST collaboration fit 
Friedrich-Walcher
parameterization

• BLAST data at lowest Q2 is in good agreement with slope



Nucleon Form Factors in terms of a 
Pion Cloud and Constituent Quarks

J. Freidrich and Th. Walcher, 2003

• Parametrize the nucleon form factors by  
GN(Q2)  = Gs(Q2 ) + ab·Q2Gb(Q2)

• ab is the amplitude of the bump

For example



Pion Cloud

… pions pop up continuously
at the nucleon surface

- Pion as a pair of quarks
- Just like particles appear in 
vacuum…

- Pion contribution can be 
revealed in e-N scattering



The Pion Cloud
• Friedrich – Walcher analysis
• “n” = an + b(p + π -) a + b = 1

=n + b(p – n + π -) pol.
• “p” = ap + b(n + π +) a + b = 1

= p + b(n – p + π +) pol.
• Pol. pion cloud
• Effect of pol. on p small since p has 

net charge +e
• Effect of pol. on n large since n has 

net charge 0e



World’s data on GE
p



World’s data on GM
p



Friedrich-Walcher fit

Difference between measured FF and the smooth part



Friedrich-Walcher fit



Friedrich-Walcher fit



Preliminary BLAST GE
p Data

Q2

C. Crawford

Preliminary BLAST Ge
p data



Preliminary BLAST GM
p data



Difference between measured FF and the smooth part

Preliminary BLAST GM
n Data



Preliminary BLAST Gn
E World Plot

• Preliminary result

• Only 50% of data, 
final data should reach 
0.5 (GeV/c)2

• Use Arenhovel’s
calculations for Gn

M
and contribution of Gn

E

• Need to combine 
with other BLAST 
measurements for 
global fit

• Provide low Q2 data 
Check bump
Pion cloud



BLAST Fit to World Polarization Data
• Remarkable consistency of all modern polarization 

experiments!

Global fit determines GE
n to better than ±7%



“Density” from the BLAST Fit

• Non-relativistic Fourier transform 
• of the neutron form factor

• Smooth dipole corresponds to the 
• constituent quark core

• Bump corresponds to a diffuse 
pion cloud











•Use bag model (constituent quarks)
•Restore chiral symmetry by requiring   
continuity of axial vector current across 
bag boundary
•Requires external pseudoscalar field 
(pion cloud)
•Couples pion cloud properties to const. 
quarks inside bag
•In F – W analysis, cloud fit to data



















GE
p/GD vs. Q2

GE
p/GD vs. Q2



GM
p/μGD vs. Q2



μGE
p/GM

pμGE
p/GM

p vs. Q2



• 1st measurement of μGE
p/GM

p using 
a polarized beam and a polarized target

• improvement in precision 
of μGE

p/GM
p at Q2 = 0.1– 0.5 GeV2

• Improved precision of GE
n

• Sensitive to the pion cloud
• Self  consistent description of all 4 form 

factors from the pion cloud

Summary


	Exploiting BLAST Symmetry
	The Pion Cloud
	Preliminary BLAST GnE World Plot
	GEp/GD vs. Q2
	GMp/mGD vs. Q2
	mGEp/GMp

